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ABSTRACT  

The objectives of this paper are to determine features of an apartment toward satisfying the 

customer’s requirements and to utilize of QFD technique to improve the quality of the layout design 

IBS for an apartment. Interview was conducted among ten experienced professionals to identify the 

favorite features for customer’s requirement and to determine the technical solutions for the layout. 

The questionnaire survey from IBS residential was conducted to measure degree of importance of 

customer’s requirement and from this it can determine features of an apartment toward satisfying the 

customer’s requirement. Design team is an important person in the design phase of IBS apartment 

construction project. With the result from this research paper, they are able to prioritize design 

solution for a new layout which meets the customer requirement. 

 

Key words: Quality Function Deployment, layout design and IBS apartment project 

 

I�TRODUCTIO� 

In today’s global and highly competitive market, it is essential for any firm to involve in the service 

industry to be adaptive, responsive to changes, proactive and has the capability to deliver high quality 

products according to diverse customer requirements.  

The Industrialized Building System (IBS) is not new in the world, and also in Malaysia. In the 

Malaysian context, Construction Industry Development Board (CIDB) has defined IBS as a 

construction technique in which components are manufactured in a controlled environment (on or off 

site), transported, positioned and installed into a structure with minimal additional site works (CIDB, 

2003).  

Quality Function Deployment (QFD) is a technique introduced in Japan by Yoji Akao in 1966 and 

initially used extensively by Toyota.  QFD is a method for developing a design quality aimed at 

satisfying the consumer and then translating the consumer's demand into design targets and major 

quality assurance points to be used throughout the production stage. QFD is a way to assure the design 

quality while the product is still in the design stage.  

In the traditional procurement method, where each professional or consultant is supposed to be 

solely responsible for his or her scope of work, client requirements have been assumed to be met with 

the production of construction drawings or individual services by the professional or consultant. This 

takes place in the absence of a systematic setting of bench marks or rationalizing and prioritizing of 

the customer’s needs. The voice of the customer is generally lost in the process (Low & Yeap, 2001). 

 The design phase for housing is a critical stage to achieve customer’s requirements (Gargione, 

1999). Since the design of an apartment depends on the designers’ experience, thus better decision 

making process during design stage of an apartment project offers the potentials for designers to give 

clients better value for money through designs (Yang et al., 2003). Therefore, this study can improve 

the quality of the layout design IBS of an apartment base on customer requirement.  

The major objective of this paper is to determine features of an apartment toward satisfying the 

customers’ requirements and to utilize of QFD technique to improve the quality of the layout design 

IBS for an apartment. The scope of study is to apply QFD technique to improve the quality of the 
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layout design IBS apartment in Precinct 17, Putrajaya. The project is handling by UEM Construction 

Sdn Bhd. The project include five blocks of 16 and 19 storey’s, are complemented with a total of 548 

unit government apartment. They are 10 respondents from experienced professionals were interviewed 

to determine the favorite features customers’ requirement and the technical solution. They are 30 

residential respondents were answered the questionnaire in order to determine the important of degree 

and 6 respondents from the design team determine the strength of relationship and impact on the 

desire using the correlation between the customer’s requirements and the technical solutions. In order 

to draw solutions for improving the layout of the apartment, the study assumed that the budget is 

unlimited and the deadline is not strict. All the data were analyzed using QFD technique (House of 

Quality).   

 

QUALITY FU�CTIO� DEPLOYME�T 

Quality Function Deployment (QFD) can be used as a tool to prioritize important directions offering a 

potential for improvement according to what the customers’ desires. Thus QFD provides the 

systematic method to support the process of design decision making (Yang et al., 2003). QFD 

employs four matrices to clearly establish relationships between company functions and customer 

satisfaction. These matrices are based on the “Whats-Hows” matrix, which is called House of Quality 

(HOQ).  QFD is an integrative process performed by a multifunctional team. Product planning is the 

first matrix.  The  second  QFD  matrix  relates  potential  product  features  to  the  delivery  of 

performance characteristics. Process characteristics and production requirements are related  to  

engineering  and  marketing  characteristics  with  the  third  and  fourth matrices (Temponi, 1999). 

According to Gargione (1999), the design phase for housing is important to achieve client’s 

requirements and it is in this phase that the company needs to reach the standards of quality through 

drawings and technical specifications. Whatever method is used to design or develop a solution for the 

project, its success depends on how the company assimilates and manages the client’s requirements. 

The need for adopting concurrent engineering in construction is discussed (Garza et al., 1994; Eldin, 

1997; Love & Gunasekaran, 1997; Abul-Hassan, 2001) and summarized below:  

 

1) It is a philosophy that can overcome the disadvantages of existing fragmentation and specialization in 

the construction industry if applied properly (Garza et al., 1994).  

2) It is a schedule reduction tool that could reduce project delivery duration by 20-25% without an 

associated increase in project cost (Eldin, 1997).  

3) It is an approach imported from the manufacturing industry to assist in overcoming the construction 

industry’s poor productivity and performance (Love & Gunasekaran, 1997).  

4) Its application in a construction project tends to increase the speed in project delivery and project 

quality but it does not have a significant impact on project unit cost (AbulHassan, 2001). 

 

QFD has slowly become known and has recently been developed as a tool for use in the construction 

industry, for example, the project definition process (Oswald & Burati, 1993), the hypothetical 

renovation of a computer workroom facility (Gray & Hughes 2001), the determination of design 

characteristics of internal layouts of building apartments (Mallon & Mulligan, 1993), the construction 

design of low-cost housing (Serpell & Wanger 1994), the processing of client requirements (Armacost 

et al.,1994; Abdul-Rahman et al., 1999; Kamara & Anumba, 1999),  the design/build contract 

environment (Kamara et al., 2000) and the integrated design and production of multi-storey timber 

frame house (Low & Yeap, 2001). 

 

I�DUSTRIALISED BUILDI�G SYSTEM 
Industrialised Building System (IBS) is defined from two perspectives, namely, system and process of 

construction (Haron et al., 2005a). According to Wardi (1997) as mentioned in Jaafar (2003) defined 

IBS as a system which uses industrialized techniques either in the production of components or 

assembly of a building, or both. Similarly, Trikha (1999) and Haron et al. (2005b) classified IBS as “a 

system in which concrete components prefabricated at sites or in factories are assembled to form 
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structures under strict quality control and minimum in situ construction activity.”  Then are 

improvement on new technique to IBS in cost modeling (Seeley 1996; Ashworth 1999; Beri 2008) and 

relationship between quality and satisfaction of house owners for construction systems (Mohammad, 

2009). 

According to Kim et al., (2004) customer satisfaction is customer’s reaction to the state of 

satisfaction, and customer’s judgment of satisfaction level. Customer satisfaction is very important in 

today’s business world as according to Deng et al., (2009) the ability of a service provider to create 

high degree of satisfaction is crucial for product differentiation and developing strong relationship 

with customers. Eshghi et al., (2007), customer satisfaction makes the customers loyal to one 

telecommunication service provider. Previous researchers have found that satisfaction of the 

customers can help the brands to build long and profitable relationships with their customers. 

Satisfaction of customer is actually how customer evaluates the ongoing performance (Gustafsson et 

al., 2005). 

 

RESEARCH METHOD 

This study adopted the research method as presented by Gargione (1999), Yang et al., (2003) and Luu 

et al., (2009) as a conceptual research framework to develop the implementation of QFD for 

improving layout design.  

Interviews were conducted among ten experienced professionals to identify the favorite features 

for customer’s requirement and to determine the technical solutions for the layout. Based on the result 

of favorite features and technical solutions, questionnaires were developed and distributed to the 

residents of apartment project and the design team consisting of the planners, consultants, developers, 

contractors, and CIDB executives.  

The purpose of questionnaire survey from IBS apartment consumer is to measure the Degree of 

Importance of customer’s requirement and from this data, it can help to determine features of an 

apartment toward satisfying the customer’s requirement. While the purpose of questionnaire survey 

from the design team is to determine the strength of relationship and impact on the desire using the 

correlation between the customer’s requirement and the technical solutions. 

IBS Apartment Consumer Questionnaire Survey 

As this survey was conducted among the general public who live in IBS apartment, two different IBS 

apartment project around Putrajaya, Malaysia have been chosen. The addresses of the apartment were 

obtained from the CIDB.  

Design Team Questionnaire Survey 

The company name, telephone number, email and address of the planners, consultants, developers, 

contractors, and CIDB executives were obtained from UEM Construction Sdn Bhd. 

 

METHOD OF A�ALYSIS 
In this study, the methods applied were QFD technique and Pareto Analysis. QFD is a method to 

develop a design quality aimed at satisfying the customer and to translate the customer demand in to 

design targets and major quality assurance points to be used throughout the production stage 

(Akao,1990; Gargione, 1999). Luu et al., (2009) state that QFD uses a complex matrix that is known 

as House of Quality (HoQ) to translate customer’s requirements into the prioritized level of major 

design solutions as shown in Figure 1. 
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Figure 1: The House of Quality (HoQ) adapted from Luu et al., (2009) 

Pareto Analysis is method of classifying items, events or activities according to their relative 

importance. The Pareto Principle (also known as the 80-20 Rule) suggests that for many phenomena 

80 per cent of consequences stem from 20 per cent of the causes (Juran and Godfrey, 2003). For this 

study, the Pareto Analysis was applied to determine the most required design solution by the 

consumers of IBS apartment.   

 

RESULT A�D DISCUSSIO� 

Step 1: Get layout of IBS apartment 

The first step is to get the layout plan (IBS apartment) layout from contractor (UEM Builder). Based 

on the layout, a set of question was established before conducting the interview session with 

experienced professionals regarding favorite feature for the apartment layout design. 

 

Step 2: Customers’ requirements (WHATs) 

There are ten experienced professional were interviewed to determine the information on favorite 

features of an apartment design. Based on the result, questionnaires were developed and distributed 

among 30 residents who live in IBS apartment at Precint 9, Putrajaya. 

 

Step 3: Evaluate and analyze the customers’ requirements 

The important criteria in determining the quality design of IBS apartment is summarized as shown in 

Table 1. Based on given Likert scale from 1 to 5, as 1= Not important; 2 = Quite important; 3 = 

Important; 4 = Very Important;   5 = Most Important. 

 the average degree of importance given by the respondents is tabulated with the method as stated 

below: 

Average degree of importance  =  Sum of all scales given by respondent 

   �o. of respondents (n =30) 

 

Step 4: The Technical Solutions (HOWs) 

The purpose of this step is to develop the technical solutions (HOWs) that meet the customer’s needs 

and desire. Interview was conducted among experienced professional in order to develop the technical 

solutions. The result was shown in Table 2.  The movement of target value was adapted from Luu et 

al., (2009) as shown as follows: 

 

 Increase ,     Decrease and  Value must be attained. 

 

Step 5 : The Relationship Matrix (WHATs-HOWs) 
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Table 1 : The Important Degree of Each Customer Requirement  
Customers’ Requirement CR 

Code 

Degree of Impotence 

(DI) 

Family Area 

Space for set sofa and television/audio CR 1 4.23 

Sufficient ventilation and enough natural lighting   CR 2 4.47 

Build in rack for television CR 3 2.97 

Family area with balcony CR 4 4.30 

Bedroom 

Space for study/office works CR 5 3.80 

Bedroom with built-in wardrobe CR 6 4.07 

Natural lighting and ventilation CR 7 4.27 

Sufficient area room for the family of 5 persons CR 8 4.33 

Dinning/ 

Kitchen 

Enough natural ventilation CR 9 4.43 

Provide mechanical fan in kitchen CR 10 4.00 

Kitchen with prefabricated cabinets CR 11 4.17 

Wet and dry kitchen separated CR 12 3.83 

 

Bathroom 

 

Bathroom 

(Continue) 

Different floor level for shower CR 13 4.00 

Moderate space for master bathroom CR 14 2.47 

The toilet accessories CR 15 3.67 

Natural lighting and ventilation CR 16 3.97 

Bathrooms 2 (household use) should be at the 

appropriate size 
CR 17 3.97 

Laundry 

Laundry room is not recommended facing to exhaust 

fan 
CR 18 3.63 

Space for drying clothes, washing machines, baskets of 

dirty clothes and etc. 
CR 19 4.23 

Entrance 
Entrance with built-in shoe racks CR 20 3.60 

Stor in entrance area CR 21 3.90 

Wall 
Strong enough to support heavy objects (such as TV 

plasma) 
CR 22 4.17 

Windows 
Full high windows CR 23 4.03 

Providing enough natural lighting and ventilation CR 24 4.33 

Floor 
Easy to maintain CR 25 4.20 

Non-slip floor tiles CR 26 4.30 

Door 

Door at main entrance should be wide CR 27 3.80 

The door entrance is not recommended facing family 

room 
CR 28 3.33 

Stor  

Stor located at the entry CR 29 3.60 

Use the sliding door CR 30 2.53 

Stor not too small and not too large CR 31 3.97 

Equipment  

Living area with air conditioning CR 32 2.97 

TV cable, telephone lines in all rooms CR 33 2.73 

Electrical equipment suitable for household use CR 34 4.10 

Point for water heater CR 35 3.40 
Note :CR1, CR2 and so on are codes of customer’s requirements 
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Table 2 : The Technical Solutions Table (HOWs) 

Family Area 

TS 1  Increase the Family Area for set sofa and television/audio 

TS 2  Increase the glass area of windows for natural lighting and ventilation 

TS 3  Add a build in rack television in the family area 

TS 4  Modify layout of family area 

Bedroom 

TS 5  Increase the Bedroom 

TS 6  Add a built-in wardrobe in the bedroom 

TS 7  Increase the windows for natural lighting and ventilation 

TS 8  Modify layout of the bedroom 

Dinning/ 

Kitchen 

TS 9  Provide wider space 

TS 10  Add mechanical fan in kitchen 

TS 11  Add prefabricated cabinets in the kitchen 

TS 12  Modify layout for wet and dry kitchen 

Bathroom 

TS 13  Add a different floor level in the shower 

TS 14  Increase the size of the master bathroom and provide bathtub 

TS 15  Install sitting/squatting WC and mirror 

TS 16  Increase the window area for natural lighting and ventilation 

TS 17  Re-arrange the layout to have enough area for bathroom 

Laundry 
TS 18  

Re-arrange to have Laundry room is not recommended facing to exhaust 

fan 

TS 19  
Re-arrange to have enough space for washing machine, baskets of dirty 

clothes and add drying area 

Entrance TS 20  Add a built-in shoe racks in entrance 

TS 21  Add a stor connected to entrance 

Wall TS 22  Provide an ideal place to suspend goods 

Windows TS 23  Provide full high windows 

TS 24  Expand  the area of windows for natural lighting and ventilation 

Floor TS 25  Install the easily maintained tiles 

TS 26  Install Non-slip floor tiles 

Door TS 27  Install wide door for entrance 

TS 28  Re-arrange the door entrance is not recommended facing family room 

Stor Room 
TS 29  Re-arrange to have enough area for stor at entrance 

TS 30  Install the sliding door. 

TS 31  Re-arrange to have relevant area for stor 

Equipment  

TS 32  Install point for air-conditioner in the family room 

TS 33  Lay a telephone line and a TV cable in each room. 

TS 34  Install electrical equipment suitable for household use. 

TS 35  Install point for water heater at the toilet. 
Note : TS 1, TS 2 and so on are code of technical solutions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3 : Detail Computation of the engineering characteristic Technical Solution 1.  
 

(CR) (DI) 

TS 1: Increase the Family 

Area for set sofa and 

television/audio 

CR 1 4.23 Strong correlation = 9 

CR 3 2.97 Strong correlation = 9 

CR 5 3.80 Medium correlation = 3 

 

IW 

= (9 x 4.23) + (9 x 2.97) + 
   (3 x 3.80) 

= 76.2 

RW 

= 
��������	
 �
���

� ��������	
 �
���
 � 100 

= 
��.�

����.��
 �100 

= 3.08 
Note : CR = Customer’s Requirement, DI = Degree of Importance,  IW = Importance Weight and RW = Relative Weight  
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Figure 2: The relationship matrix between the customer requirements and the technical solutions 
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Figure 2 : The Relationship Matrix Between The Customer Requirements and The Technical 

Solutions 

Table 4 :The Prioritized Level of Design Solution, Which Can Be Used to Improve The Quality of 

The IBS Apartment 

 
  Technical Characteristics RW 

(%) 

Design Solutions for Improvement 

1. Windows Natural lighting and ventilation 12.60 Expand  the area of windows for natural 

lighting and ventilation 

2. Stor Room Stor not too small and not too large. 5.36 Re-arrange to have relevant area for stor 

3. Laundry Space for washing machine, baskets of 

dirty clothes and add drying area 

5.05 Re-arrange to have enough space for washing 

machine, baskets of dirty clothes and add 

drying area 

4. Bathroom Natural lighting and ventilation 4.92 Increase the window area for natural lighting 

and ventilation 

5. Family 

Area 

Natural lighting and ventilation 4.67 Increase the glass area of windows for natural 

lighting and ventilation 

6. Bedroom Natural lighting and ventilation 4.6 Increase the windows for natural lighting and 

ventilation 

7. Floor Non-slip floor tiles 4.42 Install Non-slip floor tiles 

8. Floor Easily maintained tiles 4.38 Install the easily maintained tiles 

9. Bathroom Different floor level in the shower 4.17 Add a different floor level in the shower 

10. Bathroom Bathtub in the master bathroom 3.76 Increase the size of the master bathroom and 

provide bathtub 

11. Bathroom Full high windows 3.72 Provide full high windows 

12. Dinning/ 

Kitchen 

Provide mechanical fan in kitchen 3.45 Add mechanical fan in kitchen 

13. Bathroom Space area for bathroom 3.18 Re-arrange the layout to have enough area for 

bathroom 

14. Dinning/ 

Kitchen 

Wider space for dinning/kitchen 3.10 Provide wider space 

15. Family 
Area 

Space for set sofa and television/audio 3.08 Increase the family area for set sofa and 
television/audio 

16. Bathroom Sitting/squatting WC and mirror in 

bathroom 

2.72 Install sitting/squatting WC and mirror 

17. Door The door entrance is not recommended 

facing family room 

2.63 Re-arrange the door entrance is not 

recommended facing family room 

18. Equipment Electrical equipment suitable for 

household use 

2.57 Install electrical equipment suitable for 

household use 

19. Equipment Provide point for air-conditioner in the 

family room 

2.50 Install point for air-conditioner in the family 

room 

20. Equipment Provide a telephone line and a TV cable in 
each room 

2.49 Lay a telephone line and a TV cable in each 
room 

21. Bedroom Space for bedroom 2.04 Modify layout of the bedroom 

22. Equipment Provide point for water heater at the toilet 1.91 Install point for water heater at the toilet 

23. Door Wide door for entrance 1.54 Install wide door for entrance 

24. Entrance Space for stor connected to entrance 1.42 Add a stor connected to entrance 

25. Dinning/ 

Kitchen 

Space for wet and dry kitchen 1.40 Modify layout for wet and dry kitchen 

26. Stor Room Space stor at entrance 1.37 Re-arrange to have enough area for stor at 

entrance 

27. Entrance Provide a built-in shoe racks in entrance 1.31 Add a built-in shoe racks in entrance 

28. Bedroom Space for bedroom 1.13 Increase the Bedroom 

29. Laundry Space for washing machine, baskets of 

dirty clothes and add drying area 

0.98 Re-arrange to have enough space for washing 

machine, baskets of dirty clothes and add 

drying area 

30. Dinning/ 
Kitchen 

Provide prefabricated cabinets in the 
kitchen 

0.97 Add prefabricated cabinets in the kitchen 

31. Stor Room Sliding door for stor  0.92 Install the sliding door 

32. Family 

Area 

Enough space for family area 0.52 Modify layout of family area 

33. Wall Ideal place to suspend goods 0.51 Provide an ideal place to suspend goods 

 

34. Bedroom Provide built-in wardrobe in the bedroom 0.49 Add a built-in wardrobe in the bedroom 

35. Family 

Area 

Provide build in rack television in the 

family area 

0.12 Add a build in rack television in the family 

area 
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CO�CLUSIO� 

 

From the results and analysis of this study, all the objectives are successfully achieved. From this 

study, the features of an IBS apartment layout design which satisfy the customer’s requirements were 

determined. Furthermore, the seven highest relative weight of the design solution were highlighted. 

Hence hopefully this study will help to generate ideas in designing the IBS apartment based on the 

customer’s requirement. This research study is expected to provide benefits to various parties involved 

in the construction sector and particular to those involved in the use of IBS, where they can use the 

application of QFD in the future for house construction industry in Malaysia.  
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